9 The chemistry of the soil solution is influenced by atmospheric deposition of air pollutants, by 10 exchange processes between the soil matrix and the soil solution and by processes between the 11 rhizosphere and the soil. At sites of the Intercantonal Long-term Forest Observation Programme 12 in Switzerland the soil solution has been monitored since 1998 in a number of forest plots 13 growing from 9 to 47 sites in a wide range of soil conditions and air pollution impacts. The 14 results show various site-specific developments of soil acidification. At sites with already 15 advanced acidification (pH < 4.2), the acidification indicators remained rather stable at high 16 levels, possibly due to the high buffering capacity of the aluminum buffer (pH 4.2 -3.8). In 17 contrast, in less acidified sites the acidification still progressed further which is reflected by e.g. 18 the ongoing decrease of the base cation to aluminum ratio. Main driver of the acidification is 19 the high N deposition which provokes cation loss and impedes sustainable nutrient balances for 20 tree nutrition in the majority of plots examined. On an average for the years 2005-2017, N 21 leaching rates were 9.4 kg N ha -1 yr -1 , ranging from 0.04 to 53 kg N ha -1 yr -1 . Three plots with 22 high N input show very low N leaching, suggesting that N leaching may not always be a good 23 eutrophication indicator. Both N deposition and N leaching have decreased since the year 2000
Soil acidification is a serious threat for forest health ( [1] ). An increase in soil acidification, 29 associated to atmospheric acid deposition, has been reported already in the 1980ies, for 
75
In 1997 the first nine plots of the program (in total 189 plots) were equipped with suction cups,
76
with samples being collected since 1998. More plots were added in subsequent years to give a 77 current total of 47 plots with soil solution measurements (Table 1) . A map of the plots with soil 78 solution samplers is shown in Figure 1 , site properties are listed in Table 1 . The plots cover a 79 wide range of forest soils. For description of the forest assessments and the soil and foliar 80 analysis performed see [23] .
82
Tree mortality rates and the rates of removed trees were derived from annual observations.
83
Changes were related to the population of the previous year and lagged for up to four years.
84
Mortality and tree removal were combined to one variable further called "tree removal". 103 pH, conductivity and alkalinity were measured immediately after sampling. Samples were then 104 kept frozen until further analysis. For cation analysis the samples were acidified with 0.5 ml 105 HNO 3 conc in 10 ml solution prior to freezing, for anion analysis they were filtered through a 106 0.45 µm membrane filter.
108
The following parameters were measured in the soil solution: 324 evapotranspiration, site water balance and the amount of leaching water. The effect of tree 325 removal was largest in the year after removal (lag 1, Table 4 ). In the year of the removal (lag 326 0) and four years after removal (lag 4) it was not significant but the inclusion of the year of 327 removal slightly improved the model. For graphical illustration the annual removal rates were 328 combined to a weighted average based on the model coefficients in Table 4 for 
